INTRODUCTION
Anterior interspinous line (AISL) is defined as the horizontal line joining the two anterior superior iliac spines. It has been used as an important reference point not only during clinical examinations such as for determining the angle of fixed abduction/adduction deformity of the lower limb under the Kothari's method [1] but also during planning of the rectus abdominis myocutaneous flap/ abdominoplasty [2] [3] [4] and stoma formation [5] .
Anterior interspinous line is also important in hernia surgery, and it defines the lower boundary of the Spigelian hernia belt [6] [7] [8] . In view of its huge potential of use in surgery, the relationship of the anterior interspinous line with four other landmarks (3 external surface landmarks of umbilicus, xiphisternum and pubic symphysis as well as 1 internal landmark of the Arcuate line of Douglas) were studied during the laparoscopic total extraperitoneal preperitoneal (TEPP) hernia repair in patients with inguinal hernia.
MATERIALS AND METHODS
A prospective study was carried out in adult male patients (only ASA I and II grades of American Society of Anesthesiologists) with uncomplicated primary inguinal hernia who underwent laparoscopic total extraperitoneal preperitoneal (TEPP) hernia repair under informed consent and ethical clearance of Faculty of Medicine, Aligarh Muslim University. Study was conducted at Jawaharlal Nehru Medical College Hospital, Aligarh w.e.f. April, 2010 to November, 2016. Surgical approach with standard 3-midline-port and telescopic dissection was used in all patients, utilizing the same technique as reported earlier [9] [10] [11] [12] [13] [14] . Selection/ inclusion/ exclusion criteria were also same. Relations of the anterior interspinous line with three external surface landmarks (Umbilicus, pubic symphysis, xiphisternum) and one internal landmark (Arcuate line of Douglas) were recorded. Body mass index (BMI) of the patients was calculated by the Deurenberg's formula [15] . Tips of anterior iliac spines (ASIS) were used to mark a horizontal line, the anterior interspinous line (AISL). Tip of the xiphisternum (X), lower border of the umbilicus (U) and upper border of the pubic symphysis (PS) were taken as the reference points to measure the Xiphisternumto-anterior interspinous line distance (X-AISL), umbilicus-to-anterior interspinous line distance (U-AISL) and pubic symphysis-anterior interspinous line (PS-AISL). To measure the arcuate line-anterior interspinous line distance (AL-AISL) was measured after percutaneous needle confirmation of the arcuate line ( Fig. 1 ) [16] . 
RESULTS
A total of 60 adult male patients were studied during the successful laparoscopic total extraperitoneal preperitoneal (TEPP) hernia repair for the uncomplicated primary inguinal hernia in Indian population. Thirteen patients were excluded from the analysis due to absence of the arcuate line in them, and hence the present data analysis includes only 47 (20) , office worker (n=6), retired (8) , and students (4).
Location of Interspinous Line
Mean distances of the interspinous line from the umbilicus, pubic symphysis, xiphisternum and arcuate line were 9.17 ± SD 1.83 cm (Range 5.25-13.4 cm), 6.79 ± SD 1.67 (Range 1.1-9.25 cm), 23.82 ± SD 2.49 (Range 19.5-29.0 cm), and 3.71 ± SD 2.32 (Range, -1.5 to 9.5 cm) respectively ( Table 1) . Anterior interspinous line (AISL) was found situated at about half of the umbilico-pubic distance, at about 1/3 rd of the of the pubo-umbilical distance, at about 3/4 th of the xiphisterno-pupic distance, and at 1/5 th of the pubo-xiphisternal distance ( Table 2) . With respect to the anterior interspinous line, present study documented 25 locations of the arcuate line at -1.5 cm (n=1), 1.25 cm (n=5), 1.5 cm (n=2), 1.75 cm (n=3), 1.9 cm (n=1), 2 cm (n=3), 2.25 cm (n=4), 2.5 cm (n=3), 2.75 cm (n=5), 2.8 cm (n=2), 3 cm (n=1), 3.5 cm (n=4), 3.75 cm (n=1), 4 cm (n=2), 4.5 cm (n=1), 5 cm (n=4), 5.5 cm (n=2), 6 cm (n=2), 6.25 cm (n=1), 6.5 cm (n=2), 7.5 cm (n=2), 8 cm (n=1), 8.5 cm (n=1), 9 cm (n=1) and 9.5 cm (n=1) from the anterior interspinous line, with a mean of 3.71±2.32 cm (range -1.5 to 9.5 cm).
Comparison of Interspinous Line Level
on Two Sides of Body In addition to the ipsilateral measurement of AISL-AL (anterior interspinous line to arcuate line of Douglas) distance in 47 patients; AISL-AL distance was also measured on the contralateral side in 7 out of 8 patients with bilateral inguinal hernia who underwent bilateral TEPP hernioplasty (one patient with absent arcuate line on contralateral side was excluded). No significant difference was found in the average AISL-AL distance on the two sides of the body ( Table 3) . 2 (N=7), number of patients having arcuate line of Douglas on contralateral side, i.e., 1 out of 8 patients with absence of arcuate line on the contralateral side also was excluded;
Correlation with Demographic Characteristics
Age and occupation of our patients did not affect significantly the distance from the arcuate line to the interspinous line (AL-AISL),the distance from xiphisternum to anterior interspinous line (Z-AISL) and the distance from pubic symphysis to anterior interspinous line (PS-AISL) (p >0.05) ( Table 5) . Pearson Correlations were also insignificant statistically (p >0.05). However, the mean distance from umbilicus to anterior interspinous line (U-AISL) in the younger age group of 18-40 years was significantly lower (p <0.001) than those of middle age group (41-60 years ) and elderly age group (61-80 years) both of which were not different statistically from each other (p >0.05) ( Table 5 ). BMI of the patients did not affect significantly the distance from the umbilicus to anterior interspinous line (U-AISL) and the distance from pubic symphysis to anterior interspinous line (PS-AISL) (p >0.05) ( Table 6 ). However, patients' BMI affected significantly the distance from the arcuate line to the interspinous line (AL-AISL) (p <0.01) and the distance from xiphisternum to anterior interspinous line (Z-AISL) (p <0.05) ( Table 6 ), both of them being much higher in the overweight/obese patient (BMI >25 Kg/m 2 ) as compared to that observed in patients with normal BMI (<25 Kg/m 2 ). 
DISCUSSION
Anterior interspinous line (AISL) is commonly utilized in the assessment of the arcuate line position which is commonly reported to be ~2 cm superior to the anterior interspinous line [17, 18] , although in some older reports, the two coincided in majority of their subjects (>70%), i.e., the arcuate line was situated at the level of the anterior interspinous plane [19, 20] . Position of the arcuate line (AL) with respect to the anterior interspinous line (AISL) is reported to be highly variable and debatable [21] . The present study also documented 25 locations of the arcuate line with respect to the anterior interspinous line, ranging from -1.5 cm (inferior to AISL) to 9.5 cm (superior to the AISL). Moreover, average location of arcuate line with respect to the anterior interspinous line (3.7±2.3 cm) was found substantially higher as compared to the recent reports of Cunningham et al [17] and Loukas et al [18] ( Table 7) and much higher than those reported in the older studies [19, 20] . These observations may possibly be a reflection of geographical &/or racial variation in the position of the arcuate line &/or the anterior interspinous line. However, the arcuate line in the present study was found 1.5 cm below the anterior interspinous line in 1.85 %, and ≤2.0 cm above the anterior interspinous line in 18.5 % of all cases (N=54). Thus, our observations are partly in tune with the findings of Chowke (1935), Walmsley (1937) and Monkhouse and Khalique (1986) [19, 20, 22] . The AL-AISL distance (from arcuate line to interspinous line) was significantly much more in patients with high BMI (>25 Kg/m 2 ) as compared to that observed in patients with normal BMI (<25 Kg/m 2 ), indicating a higher position of the arcuate line in overweight/obese patients. Our observation is in full agreement with those of Cunningham and colleagues (2004) who emphasized that -Knowledge of this trend may be useful on a case-by-case basis, allowing the surgeon to err on the appropriate side average-body habitus‖ [17] .
Anterior superior iliac spine (ASIS) is easily palpable in majority of people except the obese persons [23] . In the elderly age group, major integumentary system changes occur which include the loss of subcutaneous fat, the atrophy of epidermis, the stiffening of dermal collagen, and the calcification of elastin [24] , and the epidermal growth slows down with resultant decrease in contact areas between the epidermis and the dermis and easy separation of them during clinical manoeuvres of palpation of the bony landmarks like the anterior superior iliac spines (ASIS) as has been documented in relation to the posterior superior iliac spines [25] .
The two ASIS are at the same level in normal healthy persons, but not at the same level in presence of lower limb deformity or pelvic torsion [23] . Thus the anterior interspinous line (AISL), the transverse line joining the two ASIS, is used to detect the fixed bony deformity [1] . In the method of decompensation for detection of the fixed abduction deformity, abduction of the affected limb is continued till the anterior interspinous line becomes horizontal and at right angle to the long axis of the body. In this way, the ‗concealed' deformity becomes ‗revealed' and the deformity is measured by the angle formed between the horizontal anterior interspinous line and vertical long axis of the lower limb, which is called the angle of the fixed abduction deformity [1] . In Kothari's method, the angle formed between the anterior interspinous line and the horizontal line drawn from the sound side ASIS is measured; this angle of fixed abduction deformity is formed at the sound side ‗below' the horizontal line. In a similar fashion, fixed adduction deformity of the lower limb is also ascertained [1] .
The anterior interspinous line forms the lower boundary of the ‗Spigelian Hernia Belt or Zone' in the widest part of the Spigelian fascia, abdominal flat muscle aponeurosis that extends between the semilunar line and lateral border of rectus abdominis,; this hernia prone zone extends vertically upwards for about 6 cm and bounded superiorly by the transverse umbilical line (Fig 2) [7, 8, 26] . The ‗hernia prone area' has been more refined by some authors in terms of its upper boundary formed by the spinoumbilical line of Monro, the line joining the right ASIS to the umbilicus, on the right side of the body, and by the spino-umbilical line of Monro-Richter joining the left ASIS to the umbilicus on the left side (Fig 3) [6] . About 85-90% of the Spigelian hernias are known to occur in the Spigelian Belt, although preoperative clinical diagnosis is made only in 50% of the cases by the presence of a small reducible parietal swelling with positive cough impulse in the target area and reducing in the lying down posture, or by the presence of a painful tender irreducible lump (Fig 4) ; sometimes it presents as the ‗Masked' hernia of Macready [8] . Exact location of the anterior interspinous line relative to other surface landmarks may prove more useful in planning various surgical procedures. The point of Lanz lies at the junction of right and middle third of the anterior interspinous line (Fig 5) , and the Point of Sonnenberg lies at the junction of the anterior interspinous line and the right Spigelian semilunar line, i.e., the lateral margin of the right rectus abdominis muscle (Fig 6) ; both these topographical points indicate the position of the appendix vermiformis, especially in its pelvic position [27] , and help in placement of a more aesthetic Lanz horizontal incision for the appendicectomy [28] [29] [30] . Taking the anterior interspinous line as one of the three criteria, the vascular blood supply of the anterior abdominal wall was classified into 3 zones especially for the purpose of the abdominoplasty (Fig. 7) [31] . The three Huger's vascular zones of the anterior abdominal wall were first described in 1979 by Huger [31] , and are regarded as important prognostic considerations in abdominoplasty [32] [33] [34] [35] [36] . Zone I (mid-abdomen) is the area from xyphoid to pubis bounded laterally by the lateral margin of the rectus muscles and inferiorly by the anterior interspinous line, which is supplied mainly by the superior epigastric vessels, and supplemented by the inferior epigastric vessels from below and secondary vessels from the Zone III (lateral abdomen); Zone II (lower abdomen) is the area of the lower abdomen from the anterior interspinous line to the pubis and inguinal creases, which is supplied mainly by the deep inferior epigastric artery arising from the external iliac artery and also by the superficial branches of the femoral artery including the superficial epigastric artery, the superficial external pudendal artery and the superficial circumflex iliac artery; Zone III (lateral abdomen) comprises the area on each side of the abdomen lateral to the Zone I (midabdomen) and is bounded inferiorly by the anterior interspinous line (Fig 7) ; the Zone III (lateral abdomen) is supplied by the intercostal, subcostal, and lumbar arteries that are branches from the aorta [4] . The umbilicus is a prominent midline anatomical landmark located normally at the level of the intervertebral disc between the third and fourth lumbar vertebrae (L3 & L4); however, this anatomical landmark is lower in children, obese or in those with a pendulous abdomen [37] . The bifurcation of the abdominal aorta lies 2 cm (a little less than an inch) distal to the umbilicus. The anterior interspinous line is normally located at the level of the fifth lumbar vertebra (Fig. 8) [37, 38] ; however some authorities documented its level at the sacral promontory (Fig. 9) [39, 40] . In the current year of 2017, Dudukovic and associates strongly emphasized that the best prediction of the position of the umbilicus was based on the distance from the umbilicus to the anterior interspinous line using a specific regressive mathematical equation, especially for the correct positioning of the umbilicus in reconstructive and aesthetic procedures in which the original location of umbilicus gets affected by the surgical procedure [41] . For preoperative appropriate siting of an intestinal stoma, there is no fixed anatomical reference point, and a stoma construction below the Arcuate line of Douglas, the free inferior border of the incomplete posterior rectus sheath, may be a contributing factor to later parastomal herniation [5] . Anterior interspinous line is often used as an anatomic landmark to mark the level of the Arcuate line of Douglas so that the stoma may be sited well above the Arcuate line in order to pre-empt the risk of postoperative parastomal herniation [5] . Al-Momani and associates (2014) strongly recommended that the stoma should be sited at least 4 cm above the anterior interspinous line so that the stoma is situated about 2 cm above the Arcuate line. Cunningham et al [17] and Loukas et al [18] had reported earlier the AISL-AL distance (from anterior interspinous line to arcuate line) of 1.8±1.7 cm and 2.1±2.3 cm respectively, which goes in favour of the contention of Al-Momani and colleagues [5] . However, the present study recorded the mean AISL-AL distance of 3.7±2.3 cm albeit with wide variations (range -1.5 to 9.5 cm), which is substantially higher (p<0.001) than that reported earlier and which may reflect geographical or racial variation. In 2010, Mwachaka et al [42] has reported even gender variation in the incidence of the arcuate line. Therefore, it may not be an optimal criterion for stoma siting as was also evident from a high incidence the unsatisfactory siting of the stoma in 36-55% of patients in different categories of Al-Momani's series [5] . This may be a reflection of two factors, viz., firstly, the arcuate line position is reported to be highly variable [10-12, 17,18,21,22, 42-46] , being significantly higher in the overweight/obese individuals [12, 17, 43, 47] ; secondly, the level of the anterior interspinous line may also vary depending upon the body habitus and gender of the individual. Present study is limited by absence of female patients.
In addition to stoma construction, the AISL-AL distance may also be helpful to locate more accurately the arcuate line in the preoperative marking of the arcuate line that may facilitate preoperative planning of a rectus abdominis myocutaneous flap harvest not only for choosing the site for incision for raising the flap but also closing the resultant abdominal defect after the flap harvest [17, 43, 48,4 9] . Way back in 1998, Zenn and May eloquently described the method of dividing the rectus muscle at or near the level of the arcuate line so that the anterior rectus fascia of the inferior portion of the muscle can be sutured to the arcuate line [50] , and this technique is still followed [17] . .
During the laparoscopic total extraperitoneal (TEPP) hernioplasty, the arcuate line is one of the three essential important surgical landmarks during the early phase of medial dissection in the posterior rectus canal [51] [52] [53] [54] [55] [56] , because the preperitoneal space is created just below the traditional arcuate line. The anterior interspinous line is one of the important landmarks to ascertain the average position of the Arcuate line for the preoperative planning and port placement, especially the middle port at or below the level of the arcuate line in the 3-port-in-midline technique for TEPP hernioplasty. Caution needs to be exercised, atleast in Indian population because the present study recorded substantially higher arcuate line with respect to the anterior interspinous line (mean 3.7±2.3 cm) as compared to that of about 2 cm reported in the previous studies from other countries [5, 17, 18] . Moreover, more research work is required in Indian and Non-Indian populations to validate the present observations, especially with larger sample size under the clinical settings.
CONCLUSION
Mean distances of the anterior interspinous line from xiphisternum, umbilicus, pubic symphysis, and arcuate line in our Indian male patients were 23.82 ± SD 2.49 (Range 19.5-29.0 cm), 9.17 ± SD 1.83 cm (Range 5.25-13.4 cm), 6.79 ± SD 1.67 (Range 1.1-9.25 cm), and 3.71 ± SD 2.32 (Range, -1.5 to 9.5 cm) respectively . Anterior interspinous line was found situated at 57.56% of the umbilico-pubic distance, at 42.62% of the of the pubo-umbilical distance, at 78.15% of the xiphisterno-pupic distance, and at 22.28% of the pubo-xiphisternal distance. Exact location of anterior interspinous line relative to other surface landmarks or vice versa may prove more useful in a number of clinical situations including in detection/quantification of fixed lower limb deformity, in diagnosis of Spigelian hernia, in siting of Lanz incision for appendicectomy or incision for stoma construction well above Arcuate line, in making incision for abdominoplasty/rectus abdominis myocutaneous flap harvest, in re-positioning of umbilicus after reconstructive/aesthetic surgery and in placement of middle port at or below the
